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(54) [^^ofti^i yt^mytmm 



(57) C5f#ij] 




('2) ^n^'■9 - 5 0 7 3 0 8 

2, nmRmm^'HjK mimm\\^-^^L. mmn&mwi^^-yjK m2m-yt 

6. Rt)ti:i^;jt4(7)/>/j:< ^ t — o//^, Al^^■y tico t)C7)T-*)5. rN>Rc7:>$£[jf]^5 6 

i ITl! ® (73 3^:^- 

$ LI [iPI 3: 8 z Sl! « CO )t tt.^ 7t i^'u 
¥ii I^H ?K 9 ( ^ Kl! -I^lc ^'-7' (1h^ ^!r^ l^'^ o 

1 J)'^:^.^Ll.titc/))t'y•(^,^)t^irl^^^v,, 



(3) ^^^?<^^9 - 5 0 7 3 O 8 

17. mlffnilfetiMTtT-/^/^ ftijtLlSt^igeiL^rc^a^-y-'Y KT^j-tbcT^^^Jt^riyj-ih-^-^ J; 

mil zi xi^zo m >k 0-) m m 1 e^a { - mm 0^ r< ^mno 



(1) rr m'-O- 5 0 7 3 0 8 

iE I n ] f^^ ! - I ^ T . (S 7t ^ t^ 7t i %\ L r ^ f - c7^ ® il3J IS; $r W L T v ^ ^ , 

m -I, 756, 953^>:-{j:, ^js y — h y ^ L T . Tjf y zn^ u :7 |^ 



1 (Wi LTii'irt ^/jr-^j-^ri 2 WrJt^nfz%oym^m^m<'r^^ i,a:>X^^, 
~.ili.\'\\mt-{-^- Vi^^^oy,^]\^s>)t{z.di6\j^x^h7a.. t^^U-^XW^^^^^xm^^^fx.^ 

i-^j - n. ^ Liic i^j: -^j- 7t i c Y-f i f ] ^ o 

* 7t ^r- r^^J ffi^ ^ i" (fr A- L f:! li^ 7t :^ X XJ ffi /x ^Xi f 1 . F;/f Si '35 ^ It ^ ^ * "T 
7t T- } -5^' * ^ 5 fi^ ^ ^ fxi- < i - >6 ^ <h 

XV^m^mm^Mt^T-. rilWi-^ ~ i::«iJ: ^) X^) X< imm'X '^o X h ^::> 9o 
1^1 K:t . /X ^Jt t'l: (1.^ )t r- . ^ ti ; ^ jiir L T rti! i/V 7t Z. fct'l: yt=(-^^ts. A< 

'^m 0^ )t ^ u'. ^^)"X^ 
i^i2f±. .^(iLt'kfc))t r-^fr-^i^^ij' Ll^^^^'';!^'a>cft•r^lH^)t^•r^<lM'V^^J^-}- 



H 1-9 - 5 0 7 3 0 8 



m t Aft t /A^ <^ 0'^ fill ^ 7r:i-, 
1^1 2-1 - 28 ( i . (in^ }t: ^ H'l: 0) 'M ijdi f^'l ;^ zi'/z^J^] )t ^ i^'f c?^ i/t -I'-i'f^t'K nii ^ >j< 

milt. 2Hw ■M\'ji^'^y^{\''}~^yt'-y-i\i{iytvm\o ^nhi^^j^i'^ytn 



(7) *^^<^^9 -5 0 7 3 0 8 

R att^-l-: 7t -7- 1 2 (73 i.f.] -;j c7) ^ ^^ti ( c J: ^9 ili^^ i'f^j {:iBm ^ ti To o 

2 ['^j^^^i-L/i, i^j-^^Ll\ /O^Oif^^l!jirfOixatte:)t7-f4^l2fl. 2 c/.) i'd <o 7j^ y 

l/mun'.z^oi-xun (A) :^3.l:xJUn on c^.fLl^tLTi^^o r(73 2f.nc^:)M:|^Wi 
. -V.WlWLtsn. Uhzvrz.^)^^]{\^ (ABABA ••■) (x) (::rOoTii£f[|i ( 

5:1) ^;firj/j^ flli^)'t'4!l y i^'/(l-^T. 'M'irii\'}\zmV (1:1) ^TX5r>{i/i: 
I \ (J) X 'tijfiiVrM(f|! -^/l-'] t .id L . y 'Iqll^L-f^U/in] .iiii^o 

mj.fLi (H) unn. imirhiimm (f^i)x.(;i:i. h.i) ^^ru. -^tutiitiihy' 

l;i:*r^v^ (l^J x.J^l: 1 . S8) ^fiL. ffi^y|n];i 



(S) 1^*-?<^9 - 5 0 7 3 0 8 

^Ji^T(:tfi!i(/;]Millr4i (f^'lxtf 1.64) ^fri-^o mPvUi {y^ ^\^J>^(D-im\z.Wu^J: 

r(/;>(wi>tifiT(i:. iiu.rL!iTiii^^j'|iilii::^p-fTT'fo^o 
J: or. iir:fi|if^£, \A'n(/:^^mim){¥ (ABABA •••) (i. 2EW;^f^n{c:|utt^/Stiniffi 

rr4vY>f:tx-g^< (1.88-1.6^1) . L/J^L^^^:/J[^J^-:fol^T^i;f•l^i^®rr'^^fl^^^ 
iMi-'f^ii;t(i' (i.6/i:t^j.i:t>'i.64) -C'fo^o rc7^j: ^(D^mmm 

ftWiH--(i. 't'4ii22{::mLTJiiL<EiMj Lxv-^o W22fieis- (mm) m\ti.xmm 

6 ct:'/^!' //^ ^ < oy^^o^it(D'(il^ xn ^ tL ^5 Tt^fitii-? $ ^ L T V ^ ^ 4- b (i\ r CO 

7t -T- vio')^ & a i - <j { - ^ 1 1 /T] i - To ^ <t //^ r ^ 5 o 

J-?:^^Yri-^i-^j"-/j:;r^5^f1-li^]-ro:i c^/j'^r-^^o x^^^-MS (A. B) //^Aiit^ 

-c^)iV-^ (A+B = A/2) iirY)i-^Mn IS^rfaS^. ^^1 i: fii'i/^ ^ IN^ ^ (A + 
B-A' /2) ^r^ri^'^M^ 2 Win^(y);c'')^iii:iluiV''ii-^ ^ [^12;::^oi^-r 



(9) ^^r<^9~ 5 0 7 3 0 8 

-'m:iHmL. Hm^j:}2:h>!ly<> ]<'a:)Jt^^:tr4^o f^fimAWiytJ-mzn. %^ 
v^>5 (aligne) r. T^^^t ^ b l \ HI 1 {^tj^ ^ ^ ^ 6 J: 9 t^i. ~ fet4(S7\:T-l iT^^ 

. /X WW: M 7t T- ^ a'^ B ly 1 t^{i I N J Jr. t^-it ^tci^{z}\]i ^ ^ ^ t yy^-x:^ ^ -a:> 



(10) Vfn^9 -5 0 7 3 0 8 

ill/rMriil^i::4^rjo :1c;:) -'.{::■ 11-:(w;;t-T-iifi. {t!icD::/7?i^-ef5lI/T]^nfc<i: ^ J: ^9 t>fSv^ 
i^'iii I f):^o J; o' 1 mem ' <5 (wi ;t -M 1 • I ' c/:> iiii ift ii^ ^ ^-^i-^ - tyy^-x:^^ x 

~99. 99%T'^^ <9 . J: «9 * L < (i50'-99%T'^^ "9 . $ i^lJi "9 iT^ L < fi60~ 

7tI:bfi20-99. 99%-r'<^^«9 . 19 it L < f:t50~99. 9%T'^^ f9 . fDc't«t^L<fl9 
0—99. 9%T-fe<5o 

45/5:) ^) . i^i/J^(7^ix^^■l■^Yri-^ r yy^df-:^ Li\ 2 iWoto:) 

^^Wl, liVft Ai)t:;/!nj;z(^jijLi-<3i^)t«i^ii'r/0 ^ ^(M 'r ^ ^ z t 

yy^n.^Li\. ?m (l.Otc/);Kftl-t^.O^ /!lrS'{c/3iiiA:Aa-|-/''j/Ji:::::rji^T. 30%)a h^e^o 



(11) i^^2^^9 - 5 0 7 3 0 8 

^^(/m^z-ff^^^'UsX-i^^-^X f^i)x(l\ \'(D[xi^imWi±'T-'y)K m~y< 

\'WrJt-r'ii^< ^^^<X. X ^) |V;i^.^^•i^:7t/ie:foJ:t^'-rcnfc Y\ 

:rd I ^ T fl-i V ^ li^ ^ Y r -^j- ^ - CO m % -T a. W fJl ^ 

ii^^^fi. ^'y ~>i^:^JV^Ttti•i^['f'J^t7ilMI^I|3Jt^:^YTL i)^-D~7" y Kir 

~ t^i: U 7t -rM K i . /x ft 1 1 ■ k H 7t ^- :lo cfc - fci^}- 7t ^ - ^ I .vj ^ iiD i r [^Q I (::r 



(12) m<W'9- 5 0 7 3 0 8 

\±m^o:>'^:{ui:^ iailn}::gi:;t^r ^/j^TTjftg/r/jr^, -(DtSLmcXK^. U^n^mh 

S ^+ 1^: ^-J-t:! 14: ((n^ 7t -r- ^ |mJ ii^h r l r t) J: i \ ^a^fUmy ^ yuj^s^-^^-^ 

3ir&^Ait. >tclS]^:'fri-M^i •'1, 659, 523vr{Cff[:!i|iii^?nTl^^ 9 y ^ ^ U > -7" 1/ 



(13) 



^^-r<^^9 - 5 0 7 3 0 8 



m}^\±. S|g^i::l^^-fi'C'^^o ::<7:):7^/uj^^ir£j^.Lfcf^{::. r cozifel^fcf^i^t^^- 
9^xE^J^i^iE^-X;(i^v^4i^^i^{i. 2'|i|li 

*^2ilij^fa:ilJi-<5o^)J::itiii!;i/;:z;&^^^^^^ 4,895, 769^i-i6XXJ 

m 4,659, 523-^>J^nL!.|i2etL-ri^^o ^ ri b *|l^l1^^;n^i:: tiil® ^ tl/c (jn^^t 



(11) m<:^^9~3 0 7 3 0 8 

/x^fm::^^/^-i^. fitiTiffl:^ tif:: (textured) * L < /.^ V /^A, WHiS:7^/u 

v-/U(CoPEi\)(:i. /!/ch LT::ii^U>:^'y --/U^ iiH ^^'fj?.vp|^,if y rc;7.7- 

^FL. Coi^HX ii^ 0. 60di/gc/:)[.';iYrtt;jjJi>Yri-<5o pi^n W:|^Hr^Ji-^}ipM.l LMi/i: 
T6':)i'KN/(oPi-x }{'}(jyktn. 9\~m^^ . /IfrAiiiti^M oSOnmi^^JLT 1/2 



(l'>) l*i<¥9 - 5 0 7 3 0 8 

) i--<i^T'fo6o 

^^Siy|c7:»fl„{yti!e(S{l (III 1 {::7T<^thX\^^^ X o ^J:) 'P^J:< t t 1 flAl(7:> "fefiM 
i:c/:►#IL<7:A^^;b-tt$r-T^LTV^^« ifgrffl^ v^^— /U52/j^ -'^^y^^^ h54{;iJ:{9. t;£ 

— rf|5^>^^<:y :^ hi^^i^o ^607^(1. ^<^y^'7 4h^<^X^V'^''^^/l^^tlX 

<^ I2i:c7^,^ll^1^r)-ti-<r'7l< LTl^<3o 1^13, 4 :^3 5 {^7f< ^ ti/ca^>T^^SifL^L{i. 
EI 3 , 4 :::7T<$nTi^<j 9 ^^^/^^in^-:/^--/^52c;:»:>c^$ifi. — fixJr 

2^^c/):^^>;/ric;^i;l]:-^;^^^n/li^^<.Sl^^M1^(-c^^ mi^ (nurai lax 



(16) ^^?<T-9 - 5 0 7 3 O 8 

-mmn 1 <7:)^^r:r^^J^a^^^,vi-(7^s»^^*^c^.t^•s^ Lambda 9 'j^it^mfA-\c 

ct ^9 . 550nm{:::Jo^l^T. Me 1 les-gr i ot Ilfe{|i7tT--^-y-/US-^03-FPG-009i:i J: 
m 3t ^ tt 7c ^:^ > :7V b " A ^ ;?j I ^ T ^JJJ /jT L o R ^ t « I'J l^mn'MM. ( i n t e g r a t i n 

g sphere) $r /li i^T ?T o f::,. o^ui^-mm'^^r^m:^\:?i^m^mm\:i ^ ^ 

^itzt^it \:].26%xh^) . iVivJ^/xJ^t/J^^^*}e)n^.t 9 4.37 

U-y{:-f-'yjHii^A^M{:^M\^nLX^^ ^ jl-^tl 99. 22%. :|oit>' 16. 58%Tfo 

f t*i 5> : x-t inj L Ti ^ ^ :^ t'l: )t - i'- ^ Yri~ ^ ;!::> $ ti /c )t T- J^i" ^ ( 1 . 

•) I^Hiil/V ^ tl/c > ^ l± -17. . I\k^hlyc'^\^>]<-i' 



(17) 1#?^^9 - 5 0 7 3 0 8 



[^>laroid CorporaLion6';>:::ij:LW:(a7t:7^/UjU^-^^^^ ] (7)f^iii 

<7:>r:ij:LW:M7t Pc7:»i^->-7'/L- 1'^^ LTRISc LTfilTt ^n/ci:^>^V^(Z)®^©4- 
-fet^:il7tT-irc7^fn](^Si^fL$n7c7^ ^ — ^ ffl I ^ T I ^ ^ =^ u y 



(18) ^^n^^9 - 5 0 7 3 0 8 

- ;^ sr[^# , mmm^^it L T V ^ >5 mmm (index) ^^-r ^ m^-cD ^ ^ ':f(Dm ^ 

i® /J M p ) — c7) X * f+ ?r S f t T I ^ ^ i: ^ -r ^ 7i 6 f ^ . 2 -ocDf&^MWWii^cD—m 

ii'ifO ^-^j: 7'j^o:7^/ui-s(;:)rfiTiriiYfo^/j:i- — (z) ^oM: t/ x 
A^\m\^^\^Py'<:> tnM'Y X'^^Z:> ^ Oi-i. :i ■:7 ^ A c/>|':|li <^ :q':fT 



(19) 'mnW-O- 5 0 7 3 0 8 

tftjjlcW r- (basic mnLhomnLicnl building blocks) il^^^-f 0:>y ^ /l^J^^HuO) J: <, 

n fs: Aift (i . "T'yu™ - /iC $ ti T V ^ >5 o 

. NorLh-llollanci \Z ^ ^t^fz.\l. M. A. Azzam and N. M. Bashara 

, "ELI ipsometry and Polarized Light" (Dy'^:^ V ^[^ \Ct^^^ ^ flX \^ ^ ^ o "^O 

1 ) 

n2z*n2ov^ Cnlz2-no2sin2<9 )-nl7*nIoV^(n2z2-no2sin26' ) 
n2z*n2ov^ (nlz2-no2sin2 6')+nlzMilov^(n2z2-no2sin2t?) 

2) 

(nl o2-nn2s i n2 r; ) - /' (n2o2- no2 s i n2 0 ) 

r 3 5 = 

v^(nlo2-no2sin20 )- >^ (n2o2-no2s i n2 6^ ) 

M'^'I'^li^il/ii^yfr^^ir^ol^T. nlx= nIy-= nlo, n2x= n2y= n2o"e*;<jo 

)tnn/i^^ X - z niTXfl: y - z iiiiiz i'-f "j 4^)'[::::^'>J LTc/.:):^fr;^:ij"ert')<Oo '^'tai^^. ::. 



C^O) ^^<W' 9-507308 

^Dl^Tfl. nlo = nlx. ^XV^ n2o = n2x "Cfc »9 . ^2 ( s - ^tLfc^t/fl) 
:iol^Tfl. nlo = nly. :|oJ:t/ n2o = n2yl?fc^, Sfc. y - z ffii:: ASt Lfc^tt:: 
^LT. 5tl (p -(ii3t$n/c7tffl) ^r4ol^■r{i. nlo = nly. n2o = n2y 

-efot9. ( s -ffSTt^Ftlfc^ffl) ^:::loV^T^i. nlo = nlx. ^'J:t>' n2o = n2x 

L<. -t-/.^^^nx = ny = nz-T;'^;»^o nx, ny^ J; t/nzC7)|^1]t7:>[|f:]f^Ji^ -^(D^^CO-yt 

mAmmmm^w^. —:fj[^^]o:>mifrm:/)^^. {&(Dz.^\^<Dmtjfmt 

^n-^^tlCO/SW^. -r4^t:>-^nx:fc J:t>ny(i. mP^imtfr^ tW^^ti^o 

o iE(7)lYuli\\\Wn]irrn. 7. Kl (nz>nx, nz>ny) t 

^J^^ki^<5o i'ic^^WMWt\\i)ylt. z -ffiW^f^^T^^^iTiirtiffiifr^ct ^9 /J>^i^ (nz<nx, 

nz<ny) ct#:^^liT<Jo 

'|ii!f J-i : i/? . 3 'Iqli c^:) i T i r if-j i t ^ 1^ n *r#^ iiV^ ^ <b aI^^ ^ tL ^ 



C^l) f*^^9- 5 0 7 3 0 8 

A (D^^:^'^nm\W:W\tn\±(DWi'^. nlx = nly T'fc 0 . /;^0 n2x = n2y 'Cfo'So ^ 

i^^o nlx= nly=1.75, nlz = "^gL\ n2x= n2y=1.50, n2z = '^^ 

1 z ^ n2 z ) o m\8{'7r<'^ntz\\\\un. rmz m iirm m '< ^ ?oh(Dxh^o 



a) 


n 1 z = 1 


. 75, 


n2z= I 


. 50 


b) 


nlz= 1 


. 75, 


n2z= I 


. 57 


c) 


n I z = 1 


. 70, 


n2z= 1 


. 60 


d) 


n 1 z 1 


. 65, 


n2z= I 


. 60 


o) 


lU z = 1 


.61, 


n2z= 1 


. 60 


1" ) 


11 I z 1 


. 60 = 


n2z 





m lliU*a-o;i. Afttrtl^I-J-lK LTV^<Jo L/VL. nlz-n2z 



(22) ^^^^^i^.c^- 5 0 7 3 0 8 

(iiii^eiif) ^^:^Jv^T^i. ix^^mu. AMrt(::4^< ft^^#L-cv^/^l^ t^w-i-rn^. 

Aiff/0/J^b^lilAz:/^/r^ ; (n2o-nlo)/(n2o4-nlo)fC|gt^i-^o nlz-n2z XJ'fc 

b) nlz=1.50, n2z=1.60 ; 

c) nlz=1.55, n2z=1.60; 
d ) nlz=L 59, n2z=l. 60 ; 
e) nlz=1.60 = n2z 

mmt\mm^<^. nlz-n2z (^l)Sle) CO*^^^. ^^Vu— X ^ — < < , i--< 

T (7^ A W ft J -to '.i^R^Hma-mx^)^^ 

LllOf^toit /f7Uir4- : n2x-=n2y= I. 50, n2z 1 . 60 ^ ^^i^ ^ jEcO ili 

#+:41^if. td J:U'/a':i/r-l- : nlx==nly= 1. 75. to\i:t/nlz t/^ffr?:)'^ . Ji/;^tbT{C 
. a ) 1. 50 ; b ) 1. 55 : c ) 1. 59 : d ) 1. 60 ; f ) 1. 61 : g ) 1. 65 : h ) 1. 70to 
i ) 1. 75. o>i\a^\\\^^\W(i\i)ynim^O)]]\-mi\'^^^ P -(Syt ^tt/cTti:: 

m8:^^3^XJ9[Zyf^^HXl'^X Oiz^ nlz i: n2z /j^^J-^jffi LT I ^ # ((llljad 

ms. 9tjM:0^"IO(i. — oc/)^ -7V)>i<f®j/j^b. {l!i--c/:>'l'/lft^{:t. --oc/^v^yu 



(23) 1^?c^9 -5 0 7 3 0 8 

ifii!>'^i/iiW^I-^o\tt>'z#;M^^ 011, 12. :fcJ:t/ 

m(niyjjwu^'^]mtr\:m.tKi ^h^i^)^-^f]L. (2) (ijEcr)^@irr'^(n2z7:)-^isiF^] 

8 (7:»riii^^ f . Ik] 9 (7:){lJi^ c XfllDiocz^rtii^^l d J^te^'^^o 
[118 {-:|-si^T. (1) {;t4:^1^4 (2) J: ^fTiT F^iHirr^^^^ L. L/i^L 

. +^1^4 (1) niEo^rmtn-m^-^ri.. (2) {ij:<i(7^tM/sf;i-4:^^Y^-LTi/^'5o 

mi\^XV^i2 f .1. 1 # ( :i , z: (7^ "7 ^ / u J-N c7) o //^ ^ J t^: -C- 5 PH /ii* ^ ^ 
— ^.(^^T5^j-X;'^;ro, rc7>-o6^^^y- — ^^1^4 (1) i)m-)3\'k,-X:t^'0 . (2 
) /^^I]::c7)^g//!iJ>irm^r^Ti^'5 7:)\ (2) ;^^^:^y'l*-efooT. Wl^l- (]-) ii"^ 

^)y'^'^y)'^n -j/rM y^/i^Ms(7^}i\] jj? : 1 L I ^ -x? ^ ^ ^ 



(21) miW'9~ 5 0 7 3 0 8 

iWi^-^tz^'.zwmL. m'n'A:^^^^:^ ty)-x^ ^^h(7^x^^^ ^tk(Dfi^X,X^ 
\f\- ^ . h <o A f 0 1 ^ -io I ^ T . ^0)— ( - ^i^: f-r Ffu i :: i t <5 



(25) !Mf?<^9 - 5 0 7 3 0 8 

:^^o nlx=1.88, nly=1.64, nlz=nTE\ n2x=1.65, n2y = ^g2. :ioJ:r>'n2z = 

45(7^^7^^. 1.88-1.65 = 0. 23CD J: 9 J: t9 s -M^ ^ H/-^7t J:: 

n^RMnnt. niz ^xv'n2z mmmcomcmft ^ 

o 

Xit?::]i^mmi±^<ryr-}\ l^^m^^^' — ^o:>m;^m\Jyiz^o\.^Xi!il^■fzX ^{c^ -o:^^ 

-yhtSnfz) ';r'>J<i^ oC/^-c-rtorOo ^ t/:)/x4-f--rW:t . T.Jf}^^-^^ h/U- (■10()~7()0nm) (^^] 



(26) if$f<-^9 - 5 O 7 3 0 8 

M^}^£j^tfr'1r-l±. nly=1.64, nlz=l.52, n2y=1.64. *3 J: n2z = 1 . ^ 

o.3%fznm^\ -r-<T(7)@{i. y/^^^^^-^fric^. syot^r^fsffiSr^r-r-s^ 

:^ (off-axis) SW'^^^T^L. /j^o?ii£J5-;^'^^ii./^ti>(i\ Si^^^^D u-</u t,^./^ ;5 

<h ^/7^ LTl^^o rcD;?!.--^:^ h/Ufl, :7^/UA(7:);^ y /n;=?. (caliper)<7:) J: 9 J^. 

^:Zit'4li^SiW^^^^-;i'5o it^ae<D^ffefi. nJ<:^ffli^tc>r4-LT(ig:i* Li/^;^^ LCD 
^^i^flXflftiicD^-r :7V:>^7T^^fif^(7:) J: 5/^, l^j— -CMfffec7:)/>/J:l^^^giS:^^^-t- 
>^n7c/j:^{l\ ixftt/jq^^tbti^o L/j^L/jr/j^^e. -^tii^fl 

A-\^i^^f L/j^/ju^^ -A-yr^y iyyy/i-—y.'y-VoM^<^ir^Ki IW-t X 9 ^j:. #i(n::M3;/j 
[t^fTuF^jl[i:;W4'Uniy:fo.i:mi2y) t 'li\\^)ym^m-Ai~ ^ :z. t ^ 19. >i-:7r 

i^L/j:l/^y -m)V^^^(^^Wl.A^}!Ji^^ Lh^<fz{j(/:>'X:-h^o n I z= 1 . 52:f^o n2x=I 
.6:^ (Anz = 0. 11) tLX. ra^N^^^ p -te7t^5nfc:)ti^^^t LTV n >y h Lfc 

o 

a ) II 1 y = n2y = 1 . B-1 : 

b ) nly== 1. H I, n2y-= I. 62 : 

c) nly=l.6K n2y==1.66 



(1^7) if*^c^9-5 0 7 3 0 8 

. nly>n2y 'Ch^J. lllj^^ c fClifcl/ ^T (1. nly<n2y 

. "9 c7:)/xft.|-7i,^/|:-Tr/5^ l^li5(7:)iflilSia — dfi. -r/Vu— 

y:-/;W|i-/|^T'#irl:i-ro y - ATiW^- (nly-n2y) L < V > ^ c^J^fi^-fi, z 

-/niW^t-/^'^-.? L< 4^l/^<!r ^ ct Inj — r <!: ^^^LXl/^^o nly = n2yC7:>i^'g'}::fl 

mK^iiC nly~n2y J: t/ n 1 z = n2z) (7:) T'. -r-<TCO AiJtf^J f^I^^V . #[^aEf*$-ifl 

-0(7:) y -/s^;f'^^:to^J:t>'z:o(7:) z -JmJ;r^^:^^iE?ffnfc^gr^-ti'^ r i: ^=f-(D 
:i ty^h^oo {iiKDMyy^me '^::7f^^nr:^6Ki . mr-^i. niz-i.56, n 

2z=1.60 (Anz = 0.04) <^fiZAE^5ix. y Kfif ^^iTHLiCZ:) .fc 9 (^{5^11 ^ I ^ -5 o 

a) nly=1.64, n2y=1.65: 

b) nly=L64, n2y=1.63 

illiJWcfl. JL^'[^c7^^/-— X(7^l^i"^tL/J^c/:) s -(aTt^^T^ciTtf::^'^ [III 

cSOOl';-'; (7:) :7 ^ /b ^ ^^{jc^ 0^ \%\ \ 6 c/j iiii c/.) ft- 1 ^ <5 . 75/ji; ^/:) Aftt fi'j { :: ( t ^ 
-tJ t ^ r . -A- -7 T ^ X jx ij t 



(28) 1#-?<^9 - 5 0 7 3 0 8 

ISb £59550nm {C:foMt^4T-®'^^/5]tfr'^-fl. nly-1.64, nlz=1.56, n2y = 1.65, :Jo 
Xtf n2z = l. 60-C'fo5o 

1- i ^ 4y ^ t ^ ffi'i 7t ^fc^ K \\^Mx^ ^^h(DXh^o 

^ ^15 j;^ i- <3 7c ^ ( 1 . Az; < ^.R ^ (t:) ^l^l^l- tii i I ] L W ^ <^ i ^ -5 r ^ J:: f^^fiiiki^ ^ 
X^Mi:^)(m^^^H\-^'^t\^^o:^tXP)^o rc/xl: 9 ^7!'>i'4(i. f-R^ 



(29) «r«2p9-5 0 7 3 0 8 

ffi(f^ijx.(i'2, 6-, 1, 4~, 1, 5-, 2, 7-*Dj:t/2, 3 -PEN) . 7j< y 

h) . ?1"y-f^K^ y y /u^ ^ K®) , ^'y ^ — ^yu^ ^ 

r :^:^^:y ^:r[f y ^^^^ y ^ ^ >^ y ^_ |. ^ ( 

f^']x.fi\ y y :7''^/U7< ^ y h , /1^ y y'^n tvu^^ ^ >y y Tify^ 
"f-/^^ ^ ^ u ^:^o^J:r/^^ y ;^ f^/u^ ^ ^ y h) . ^Ky r ^ y h>ig ( 

f3^'Jx.{:t\ Al^^y :7^^^/U7':^ y J:t/^^y ;^ -^/U-T^ y u— , ir/un— 

Al^y->.^— 1^1 (fylJ;<L{;i:^i^^ y y -^'a e >i^ y mu^yy^f- 

y J^,^(t:fc"':=^ y 7^>^3\l:u^^i>y e^/u) , y y^/^:1^>|f^. .ix^ y zc— v-yu^-wu 
V ^yi^'/>rct'-/y^h^jo rfe/i. ^j-iiS^ t.(^)i: LT(i. ^i^iR^l^ft^. f^'J>c(:t. (/.:) 



(30) mm^9 - 5 0 7 3 0 8 

-A-iRr^f^N (f^''lx.(:l:\ 2, 6-, I, 4-, 1. 5-, 2, 7 - . :fo J: t>VX(± 2 
, 3 --^y'^ Lx>i/y;yU;1t'>fig^ X{l'?:<7:>^>;7^/U<^ , (a) ^ yl^mXU 

^coyzxuy.y'/i. : (b) V /ufi^Xft-?:(7:^-=i=-;^7"/U'J?I ; (c) y^^—/i^mx 

n^(/)zr.y<y-j\yfii^ (d) r/U';'J>':/'y /u^SI : (e) i^^ ar/i-:^J>i^]) ^ 
—f^SiX (f/'lx{:t*v/^ rJ^:\--f^->C/;^ ^ /Ui/;^-— /U) ; (f) TJi^id>\yiJ/\^ 
^">ffi. ^o.fcLK/Xlt. (g) i^^y x:irJ\y-Jj>t>io;\^:!]i>m (f^'J;itf. >>:^a-. 

mxit't(^)^>^y'Mr{. (b) ^ yy 'y—MWixa^<D=^y^ir/um. (c) 

— /i-r!^?3<:ft-'^c7:>^^>'7vHri. (a) r/U;^J>^''y ra^/u^p^ (c) i/>5'uTyU;0 
>^-y n;— yHJi mx.i^i^^ ^^^^-^-^i^?^ y , (f) T/U^ 

>>^;t?>'U/1t'>'i^l^$n> ^JiV^XXit. (g) aT/U;^J >-f:^;t?yU/J<>^ (0|J;^(^ 

i^y-^ ^ u > - y^- ^ > ^^^m-^i^m. J: t/:^ ^L/>-T^yn::^hy /^^tTTi^ 

K) ^{iif^ LT^.tl\ 

1^:7^ U— h (Pf<T)/CO-Pr:N, PPiVSPS, PnySPS, PBN/I^asLai r ^oJ: 
O^l'RT/i-aslair >" ^ {il L . J:-^'Li'1'C0-Pl^\(i. y > ly 'Jj /l^^i >m (Ai^ 
-) Pa.slair ^<t zEF&'jy t ^}^<lf{^i-^Xl±y'^ ^ \ia 
stair (IHasLman Chemical Co. X ^) R'fj^&'l'l-J A-T- '"^I Jjg 7^;: jjs' y y ^^-^-^-^iy y 

^ Ulyy- uy ^y u~ V 'C <3 o 

SPS, Pf-X/TIIV, PKX/C0-PP-|\ ^i.l:t/[WSPS/Ci:'iK{ii^ Jwiil'l'. Co-P[:Tfl. 



(31) i^*?c4"^9- 5 0 7 3 0 8 

J: ftI^iSS^^'J:t>'SI^+^!S<7:>n^^#^c^^l^X. m(Dmt 10000 

"bo 

^ffliilBfihrU/ii:. M;ffh^U!£. ^fiiail/JT. ilOfitif^v^^ b - h -tr N . hir 
\^mj-V.. l^oT. f^J;if:l:I-t:'l'if'i-jfl^i^^fitiili/Ji:^. f^J>L^:tItiSri^a;&i ^iiEfiN/ul/Ji: ^ 



(32) !^t?^^9 - 5 0 7 3 0 8 

: I r. ir/j^fc (9iT'* L< . 1 : 3 - 6 Tfc ^5 r i: $ ib Lv \ 

iIiT-i^^;:^Wi'!i|i'ffi> X b^Vin— ^ >'^' (f3riJ;ifiBocse et al. , J, Polym, Sc 
i. : I'arL H, 30:1321 (1992) tLT V ^ 5 ^ CO) J:XIM'^B^<7:> X 0 

-A^Tm^dT'i'smjmVi:^ ^ worn- :iivh(Dmmimc:!i^\^^x . y(:'^-(mjcm^ 
mux^ rjo)x\ sM^t-fi 1 -iSiisa'^- (R-i-T) xh^o 

PET : Redo I. 601 

•i^mmy-^^^xi^mLtio o.6di/g cDdWfc-/^ {eomm%(Dy :j:.y—/i^t40 

— V {Vm^^^\^\\\miy-^^loA<> V/n<J^\W^^^ I^cdel 9966 (Eastman Che 

mical J: ^ m]i/^(7^SAnf^?j|/J:^^;7. f.-^ — ) f t!l (7;> WMi ^1 /j ^ b . V /^-(D 

?R 3,801, 429-y--J-^-:ii1ij^$tLTt.^^::^Ji'ii/^i:"^) ISl/l! ^^PJ/Si-^o ^fllf^ffl L 

^n^. 601 lc^c/:)jtii|{i LM^^'i^liiiVr^ 2f|iJ(7^^jgfl::g^;g^ 3 

,565, 98n4j-(l^ ^^ft'Ml ^/^^ {biKJit^i^^f ^ L T I ^ ^ o ^ c/:) r> ^ K: ^ rfr] ( - 

|;^j3.6 c7:)M;fiti{;t^t^i?. ^ft'j 210^^ F c^;* r> -7 -t?^f[tiffiK'i L /c. c:c7):7^ 

/uASr 235° I' c/^/U/Jl^[::r^j50#i;S)^'M)j^^ (i|i/^) ^j\t^\:L^ 0 f7^5n;:ff|ii^ 

^^-e. 1 a 19^(^116 %(7:)i'lIZ£'^i^ fill L/c. :LO-)y ^ ;i^M.^^^ l-tr^h 
>i"— h'|M::^6i^T -100" V oydijinx. ^o^i^-X^u,a:>'^<]o%^i\rmm\\^ 
-Xkfz, ft:_I://^^; :7^7UA(/.Mv:e{i:2. 5mi IT'^/;o/--, 

[v^l 1 8 : - >!< ;rL T I ^ <5 9 ^ L T V ^T^o p - (fiyt tl /i )t x-H" ^ AJjt 
rt60/i:;::^i;t<5.5jW^^ (%) (illi*«b) 



(33) if^^c^g - 5 0 7 3 0 8 

\:t*\^o:>fzdb'i^. Mearl Corporation ©iil^'tD :7 ^ A ([ai9#!?S) fl. ^P^JtiW 
nX'^^ttimi^fi^yjK rtifl. AW^^jeo/^liijott^ p-^^li)t$t^7c^^I:>fti- 
PET : BcdeK 151 

- h (PET)5rW^H:i1^/J^b75.i^'> K/H*(7)3lb7^1^^^^^ Ecdel 9966 (Eastman Che 

m' 3,801, 429-§-(rtLiffi^nTl/^^;^Jffi7t^.ir'') 15I]S^?f$^-r^/c&'9{^'faiffl L 

Tcio ::ic7^^^:7->ft^:trfpji-r^j3. 5 (;ojiinff|ifg#:i-r\ ^'^:]2io° F c;:) r^^r^^/.i/ieT-jaE- 
f^Bdr^nL/c. 7X'<^. r(7^:7^/UA^ 215° Fc7)rU/Jri^*^12#rpOi^fin^JP^aL. ( 

coy^/l^M.^^ hir:y h::^-— y^-'Vir :y ^q^/-:^^5^,^X400" F O^UJi^-<:\ ri^ 6 

-a^-y^ }{lh ^ [^1 20 i z 7ik T)-, p - (^M 7t ^ i^ 7c 7t ^c: ^'l 5 A ftt 60 ^ [ ^ 

(%) (iHi^^b) it. Amif\y)H\li^i(7:)t^ (lili^eila) (7:)f!iV(::iiT-fa ( 
ini-^(Diyy h^^'^)) LTi^/Co ImJ l::WiMllfbftTJ^:fel^T. *<J0. 8mi ] (7^/-V'^ $ ^dr YTi- 
^^^^KIS^/xfltt:!::^^ /UA^Sr^Mil^^i-^/ci^iz^ ^zj^y-o^m&i^riftio -^^oigiiw^ 
'drl:^l2l!.i7T:i- 

(llllj^a : Aflf rtn'frt [111 h : AW 60iA^) , 
1^1:\ : Redo], 225 

225 /ri^rr^tj^J'^l^l'Ml Lv^;UA^, ytiN^I' Ml L I:: J; ;iir^ r> fi-'i^!! L- . iJ-c 



(31) ^tf<^9-5 0 7 3 0 8 

19. l8/it> K/II'/:C7;»ai;A^-C'jiP,'ii Ecdel 9966 (Eastman Chemical J: ^9 ffT jig t^Sfi: 

yy<)\']l^htlf:io l.A^ci^W-1j<D^::^-/^m \0Q°Ck:i:^\^^XmWm:iM1^ . 130^C^ 
X;-60#|,".i;j(l^!rAL/'^, J!^^-, 100%/# (JJK-^J7£fflv}il) CDjUT/^T^JjEfHi ^RR^^^ 

^-vVu//> |t<]3. 5X3. 5 {?f{::jiir:ffti^ti^^T-^ ^iOWJf^rdr-^tc. r.(Dl^>':7= 

PRN : TMV 500, 449 

>y h (Pf-:\)^dr|l|'Miri(-.t f . 56:rl;> [.VlI'r^^^ai/JiiT-I^I'Ml sfe/i. TMV 500 ( 

Minnesota Mining and Mann fac Lur i ng Company f)^ '^j)\\lW^O:> y r:i tH ^) 



(35) i^*^^9 - 5 0 7 3 O 8 

/u^ (/:> m Ml $r L . ^ ^ fJo [ui . i^y- "Cf^ ii^f ic® jili -T ^ 7t c7^ 
o { t ^ 1^ <t t) i^- > rvu- 5: ili L 

. xmh mm o-)t^ t7:»Wi5<r^^< b f^, AJJt^i ;^'^60/A^t7;» t ^ (D^^n^fr^ 

^ yi^i^^mmny^ ^i^j^smwmm^<:^^K^'^W't^ :it'<zxv)mmi^fz. o. 56di/ 

T. 0. 52dl/ 

t:N(70^--/U%c7; 2 , 6-NDC i: 30^-/U%c7:)i)MT) ^ . ftlic^^^i|'l±'it>«ir J; ^; . 25:rl^^>' K 
^449 i'Vi(7^WM', Lf^^$r!K£i-i-<3 3 oc7^^/.vi{t:^,V';:J^jin Ltco r.£73/7)cB^^:7"(iio 

0 ?fri:l)L/i. 



(36) i^^??T-9 - 5 0 7 3 0 8 

t^hti,i<z.^\^7^;{zm^^ (85-100%) .'St:/^^!! $tt^o p-«S>t$ 
tt7t^(7)iSi§'^5fi. Afttf^j7i'^60;jec7:)i:#}rj:«9r"^<. mfi^rvirPHN c7)^gn/j'i 

PBN : CoPEN, 601-^^fe 

y — /u/4offls%>^^ CI ^^^-i-^T]-: V ^^-ri^i^-ry ^ i — h (pen) 

^ y — /L-/40trf nV%c7:>v^^ a a^>-tr^» ^^T"t'^CoPEN(70-^/U%(7^ 2 
, 6 -NDC *s J:r/30-t/u%(7;)DMT) ^drftlic^:)?l','ilf)t J:: J: 0 . 65^^^> K/l^V^TJ-^I'di Ltc 
o PEN (l;>'^=^>K_LJ^^jo/--o :7 K-7'>j :y^rii^ 151 D^^f^/^^i-^ /cy^jcjTj 

- 7^;: ^ n/co :i t/:) y' ^ , 280" 1- i::^^'^]20#Nli^f/Ki;jii^-^i L . HVj 



(37) ^*?J^9 - 5 0 7 3 0 8 

-^r^jr <t:(::J: «9M*:!L/Co 0. 60dl/ g (7:)Ei|^f4Viiff (40ifim%(^ y^oi y — /u/40tlr 
]k%0:>'J'^J VLX2-<ly'\^ly) ^H^^i^^Tii^j :j^^i^>-i-y ^ h (PET)^^ WttM 
{Z^.^J^ 267lf> K/H^:(7:)iyi/ie -C-W' 1.1:1 ^/c. 0.53dl/g(Dia^|i7i^' (60®©% 
C7:)>'aiy — /u/40iriiik%c7:>v^^ n ^--^i^-tf >) ^^ir-1-;5CoPEi\(70^/u%<D 2 , 6 
-NDC :fo J:t>'30^/U%(7^DMT) ^flllO^lMlftltC J: «9 . 2471^^> K/n#(7)ilV^-e?|'y.l L 

5. ox 1 f^v(-4^6ST-M:fJ|i L/co ^lOfil'tiMtr-^bir-t^vv/u^, ^v-/Uc7:)'^fS^^^iiA:^ 
)t ^ 71 7t ^^^iSi^ ^ ^< L . lili ^ b ( ± . Am ^"^ n'r ^ c;^ s - (1,,^ 7t /:i }t 

yt7t^^).SiW^t^;^^I?:i^^)XhVil.^ (80—100%) .':^70^ I 1 ^ <3 o 
PPX : (olM-N\ HOI 
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Mi£-^-r >t:::fci/^Tf1^®aL/c. 0. 54dl/ g coS^TttJ^ (60Jiia%c7:>:7 y — yu+ 
40aia%CDv>^ n n^>-tf>) ^^^-t^yt^V ^^l^^-ry ^ I— h iPEH)^^ W 

7jx^> K/H^=C7:)jai/A^-C-^iji|il L/^o r(7:)CoPEN (i. 70-^/i/%(7:> 2 , 6-i"7i^ 

E^7!)'^ffif4Lfci^^^i7i::/^5 J: 7t^"/fS^7W$coi:t:7!)-^. FEN Jr^t LTfii. 22{r. 
CoPEN icx^ LTfil.22tr7:^^ J: 9{«i^'i^V>^nfCo 
PEN ^^'4i!i)^f*^7>^Mlli)J::(r^i^WiajL^n^^ 

Z^t (80-100%) //^KiU-! ^ tL6o ilii^a c J: (9 zj^^nxv^^ct 5 "^f 

^Uiii^C^OO — TOOnrn) ^ s - fcOt ^ TLTt ^ T ,Wi V ^ ^ //^/2i£ $ 

tL^o :it7:>®yt-:tA(i, oOO'-esonm \)^\zdr3\^x 100% t:: ji? V ^ C7:) <3 o 
-r-ri^JiV^^ (n^Onmc/) 1 / l ) c/^ ^-/^ <r Y f i ' <J <t ') d-r+J-^ > ^Fti/c/j^. r c'^-lil'.M', L 



(39) «?i2p9_5 0 7 3 0 

otLrj.t vci-r-y-'-f v^ttito ^^x\ mmm^j^iitm^A'-fm^(bt\,. ^tsiai^f 

.n-JTi 5,09-1, 788'/;*, l;t>'jK 5,09'l,793-55-(>:gd4^^tlTV^5 i ^-<i? h 

m\ 1 ] 




(-10) 



f*?<^9 - 5 0 7 3 0 8 



m2] 




Fig, 2 

im3] 

\ H — 12 

I H 52 

C -^ — 53 

Fig. 3 
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- 5 0 7 3 0 8 



Fig. 4 
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(-13) 



nr<^^9 - 5 0 7 3 0 8 




Fig. 8 
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Fig. 9 



(-15) 



if*?c^9 - 5 0 7 3 0 8 




Fig. 10 



(-16) 



^^-^<:^^9 — 5 0 7 3 0 8 
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Fig. 11 
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(17) 



!^^TcW-9 - 5 0 7 3 0 8 




Fig. 12 



(-18) 



mm^9~5 0 7 3 0 



[0 13] 
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Fig. 13 






Fig. 14 



(50) 



f^?^^9 - 5 0 7 3 0 8 



(EI 1 5] 




Fig. 15 



if^^^>P9 - 5 0 7 3 0 8 

[W 1 0] 
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Fig. 16 



1^-t?<^-9 - 5 0 7 3 0 8 



m 1 7] 




Anz 

Fig. 17 



(53) 



i^t??^'-9 - 5 0 7 3 0 8 
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Fig. 18 



(51) 



4^>-?c^9 - 5 0 7 3 0 8 




Fig. 19 



m<^^9 -50 




(56) 



!^1f?^^9 - 5 0 7 3 0 8 




Fig. 21 



t*'^^) :(^^5p: 9 - 5 0 7 3 0 8 
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Fig. 22 



(58) 



1r^^^^9- 5 0 7 3 0 8 
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Fig, 23 



(59) 



^f<^^9 - 5 0 7 3 0 8 




(fiO) 



^T<iH''9 - 5 0 7 3 0 8 



lOOr 




400 500 600 700 BOO 

>^:^ (nn) 

Fig. 25 



(61) 



!^n^^9 - 5 0 7 3 0 8 




Fig. 26 



(62) 



2f*?^4^9 - 5 0 7 3 0 8 




(fi'i) !^^r<W'9 - 5 0 7 3 0 8 

[fliilllll] 1 9 9 r^<V. 1 2 Jl 1 III 

7'^:•[::^^^L^i!Lrt^/J:i-?^^2ffi^^3t^o ^/c. nfjffElzifet^: 

TL fz. -)t r(i> { 1 . mi (ii.'i -7' 1 2 jyc m [zx^) ^h>{^ M :!c^ Lx^mis^^ j& l . 

j'd^^H tz h c/^ T u . r i-L { -t }t ^^\6t [n| — (7) (w; t/, ^ - t^^i'j: (g 1 1 .to 

))L a-rt'}- (llf^ )t 7'- 1 2 hf.) c/) ^ ;f I ; ^; n^j : :: u;-rs^ ^ ^ o 

::LLLt'i{fe)t 7-iU±. :i 1x4711: (i.Ot 7M 2 ;z ill < HlIu^^ ij'^:^L<fi. r 



m<^^9 - 5 0 7 3 0 8 

fern 1 M^-t J::/-]- LTirrf/j 2 (IhI* ^n/t jfecoSW^^^^.^ < i^^ t c7:»-efo r, 



(65) 1r^r<W' 9-507308 

1. miMrJt^^^^^ (16, 19) SriSiSL. ?R 1 flB7t{::>;^ LTKf^j ^/.ei-^l 
^^ff-r^^ (13, 17) &S:flti-^SW«£ftl7tT->- h (12) ;:fo-J:t>' 

f|tjtSS*tttftl3t-7->^- h (12) (cj: (16, 19) ^iSiSi-^J:9 

(^ffiSL. ;5^om* 1 fti^ti^iffifo^^t^-rMTt^^T-^ (15, 17, 18) ^m^-i-^ 

2. mltSSWttfflTt-P (12) ;^>'^?Rl®)t'Mi^^TL. 4 7tftfTSiZz:feti(M7tT- (ll 

3. mmz.^mWryt-J' (11) 75'^Ri]tdixJHW-:M7tT- (12) cd/>/j: < ^ t.— ;^j(7:)i^- 

6. niitSW1^4to{J-^/jr< t h ] o//^.ix^y -v-— SrPl<-c7)jjEffl3^5 4 JH^cffi!tii- 
9. nfiifL! 2 y te^)tc^.);t (le, 19) {:iML-Xh\\i)i4'^^l^^Y 
LT^J^T. ^feyc. •T:TL;^Mjii^fL!;?n te^ti^n'Lrt ^/^i'te^ (13, 17) 



^r<^9- 5 0 7 3 0 8 

11. mmiii^nim'jt-j' do umf^rn'm^-T (12) '<:L'^.^'f^tix\^^^^ 

12. M*(7;)$li[ffi?rn -llJT^(7)l^i"m7'J^ 1 rjSJcg^^^^^^^ (10) t. r 
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